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Description of the Invention 

1. Name of the Invention 

Electretized Polymer Sheet Type Material and Its Manufacturing 
Method 

2. Scope of the Claims 

1) Polymer sheet type material where at the surface of at least side 
of the polymer sheet there is a crosslinked structure possessing 
layer which has a layer thickness in the range of 0.03 ~ 0.5 
microns and which is formed from a silane type compound or a 
fluorine type compound; and where the above conductive layer 
has been electretized. 

2) Manufacturing method for the preparation of polymer sheet 
type material, characterized by the fact that at the surface of at 
least side of the polymer sheet a crosslinked structure 
possessing layer is formed by using a silane type compound or 
a fluorine type compound through plasma polymerization, and 
its layer thickness is made to be in the range of 0.03 ~ 0.5 
microns, and where after that the above conductive layer has 
been electretized by a direct current high voltage electrical 

.'source.' 

3. Detailed Explanation of the Invention 
(Technological Sphere of Application) 

The present invention is an invention about a polymer sheet type material 
that has a high electrical density surface, and especially it is an invention 



about a polymer sheet type material where the polymer sheet material is a ; 
polyester film or woven material or nonwoven fabric material 

[Prior Art] 

At the present time the application of electretized products as microphones, 
headphones, hearing aid, speakerphones etc., electrostatic type electrical 
sound transducers, has progressed. However, the electrical charge density of 
the sheet can be increased only by making the thickness of the electretized 
layer as thin as possible, and then this is effective as the electrostatic field of 
the electret is advantageously used. Also, as another large application of the 
electrets, the application where filters, obtained as nonwoven fabric material 
etc., is electretized, have good collection efficiency, has attracted the 
attention. In these applications, it is also required that materials that have 
been difficult to electretize in the past, or materials which even when there 
have been electretized have poor properties with respect to sustaining that 
performance, be electretized. For example, this is the case of the 
electretization of polyester etc. 

(Problem Solved by the Present Invention) 

Namely, the topic of the present invention is the electretization of film, 
woven fabric material, nonwoven fabric material etc., polymer sheet type 
material. And especially the topic of the present invention is that even in the 
case when its material is a polyester material, an electretized polymer sheet 
type material be obtained where the surface electrical charge density is 
significantly increased and also, where the sustaining properties of this 
performance are present. 

(Measures in Order to Solve the Problem) 

Namely, the present invention is an invention about a, 

1 ) Polymer sheet type material where at the surface of at least side 
of the polymer sheet there is a crosslinked structure possessing 
layer which has a layer thickness in the range of 0.03 ~ 0.5 
microns and which is formed from a silane type compound or a 
fluorine type compound; and where the above conductive layer 
has been electretized. 



2) Manufacturing method for the preparation of polymer sheet 
type material, characterized by the fact that at the surface of at 
least side of the polymer sheet a crosslinked structure 
possessing layer is formed by using a silane type compound or 
a fluorine type compound through plasma polymerization, and 
its layer thickness is made to be in the range of 0.03 ~ 0.5 
microns, and where after that the above conductive layer has 
been electretized by a direct current high voltage electrical 
. source/' 

The term "Polymer sheet" used according to the present invention includes 
film, woven material, nonwoven fabric etc., sheet type material There are 
no particular limitations regarding the polymer material used according to 
this invention and natural polymer materials, regenerated polymer materials, 
synthetic polymer materials are included. The usually mostly widely used 
polyester is a material that is difficult to electretize and whose electretization 
sustaining properties are poor, and because of that the method according to 
the present invention is considered to be especially effective for the 
polyester materials. 

Regarding the statement used according to the present invention "at least on 
one side", it indicates on one surface or on both surfaces of the polymer 
sheet material. It is also a good option if metal etc., thin electroconductive 
materials are adsorbed on the surface of the polymer sheet by using coating, 
vapor deposition, sputtering, ion plating etc., method, in order to obtain 
electrodes etc. 

An explanation will be provided regarding the silane type compounds or 
fluorine type compounds that are used according to the present invention. 

As the fluorine type compounds that are used in the plasma polymerization 
method, there are different compounds present as the following here below 
materials (the numbers in the formulae are best guess - almost illegible - 
translator's note): CnHmClpF2n-m-p type compounds (n>= 0, m>= 0, p>= 
0, 2n-m-p >==; 1 integer number), represented by C2F4, C3F6, CnHmClpBrq 
F2n+2-m-p-q type compounds (n>= 1 , m>= 0, p>= 0, q>= 0, 2n+2-m-p-q >= 
1 integer number), represented by CF4, C2F6, C3F6, CnHmClpBrq F2n-m-p 
cyclic type compounds (n>= 3, m>= 0, p>= 0, q>= 0, 2n-m-p >= 1 integer 
number), represented by C4F3 , CnHmClpBrq F2n-2-m-p double bond 
containing cyclic type compounds (n>= 4, m>= 0, p>= 0, q>= 0, 2n-2-m-p 



>= 1 integer number), represented by C4F6, type of compounds represented 
by C3F60, type of compounds represented by NF3, SF3, ..F;.(illegible), etc. 

Among these, the materials that are preferred operationally because of their 
fast rate of layer formation are C2F4, C3F6, C3F8, C4F8, C3F60, C2H4F2 
etc., however, from the point of view of the safety properties of 
transportation, layer formation speed etc., then, the preferred materials are 
C2F6, C3F4, C3F20. 

Also, even regarding the materials, among these fluorine-containing 
compounds, which have a low layer-forming capability individually, they 
are materials for which if mixed with a small amount of hydrogen gas, or a 
non-polymerizable gas, and then plasma polymerized, the layer formation 
speed is significantly increased. As the materials where the speed of the 
layer formation is significantly increased by mixing with hydrogen gas, CF4, 
C2F6, C3F8, C2H4F2 are representative materials, and as materials where 
the speed of the layer formation is increased by mixing with non- 
polymerizable gas, C2F4, F3F6, C4F8, C3F60, etc., are representative 
materials. 

The significant inner effect of the non-polymerizable gas is the fact that it is 
a non-reactive gas, and argon gas is especially effective. And there is no 
problem if the fluorine containing materials contain hydrogen, chlorine, 
bromine etc., atoms. 

Also, as tj^SilTcon type compounds that are used according to the present 
invention, alkoxysilane type silicon type compounds represented by: 

( © \ VV- t.H v bci. r oc.i. 

Cl » > CH.«CH % l« O v 

(where, Rl v~ R4, represents either of OCH3, OC2H5, CH3, C2H5, 
CH2=CH,^J\); 




or cholorosilane type compounds that are represented by: 



(where Rl ~R3, represent either of H, CH3, CH2=CH, ,C1, 
C1CH2); 

or silane coupling type silicon type compounds represented by: 



X 

T — 8 — 4 i — Jl 

I 

X 



(where Y represents either of CH2=CH, CH2-CHCH20, NH2, SH, Ci, C- Cta 

• . • ir 

NHR'NH2 (R': alkyl radical), R represents an alkyl radical, X represents 
OCH3; 0O) z w 5 j 

Or, silazane type silicon type compounds represented by the formula: 

Cl, ... Cl. . 

.| I 
■ ■ — I"— Si— Ci.i . : I- J — SI— CI. 

\. cr t ; ^ Or . : ^ i H , ^ , 



(where R1-R2 represents either of H, CH3, C2H3, Si (CH3)3, ^^^JSIH-C 
CH3C * ^ 

if 
0 

And R represents CH3COSi(CH3)3, CF3CoSi(CH3)3); 

Or, reactive siloxane oligomer type silicon type compounds represented by 



CS, CI. 
It Si— 0 — Si— IX 
Cl. .CI. 



(where, R represents an alkyl radical, X represents either of Cl, NH2, 

Cl. 0 

„ I I 

C8..C-— C. SB, Cj^— CBCH.O 



As representative compound materials there are the following: 
trimethoxysilane, trimethoxyvinylsilane, triethoxysilane, 
triethoxyvinylsilane, trimethoxycholorosilane, trimethylmethoxysilane, 
dimethoxyvinylsilane, dimethylmethoxyvinylsilane, trimethylvinylsilane, 
triethylvinyl silane, vinyltrifluoro silane, hexamethyl disilazane, 
dimethyltrimethyl silyl amine, aminosiloxane, chlorosiloxane, etc. 

In the case, when the silicon type compound is introduced inside the plasma 
equipment, there is also no problem if it is mixed with argon, nitrogen etc., 
inert gas used as a carrier gas. And then, it is also a good option to mix with 
oxygen etc. in order to form a dense layer. 

The "plasma polymerization" term used according to the present invention is 
said to be a polymerization method that advantageously uses low 
temperature plasma electrical discharge, and it is a method, as the one or 
more types of the polymerizable monomers are being introduced at the time 
of the electrical discharge, a polymer layer is formed. 

As the low temperature plasma it is also called a random, non-equilibrium 
plasma, such that the plasma which is generated during the electrical 
discharge has an average electron energy - lOeV (10 4 ~ 10 5 K) and at an 
electron density in the range of 10 '" -10 (llleglble > and at the same time, 
there is no equilibrium achieved between the electron temperature and the 
gas temperature. 

There are no particular limitations regarding the equipment whereby the 
plasma polymerization is conducted, and it is a good option if any of the 
following types of equipment is used: continuous type, a batch type, an inner 
part electrode type, outer part electrode type. 

Usually, at the time of the electrical discharge the degree of vacuum is 
maintained so that it is in the range of 0.01 ~ 0.5 Torr, and the output is at 
the level which is in the range of 0.1 w/cm2 ~ 5 w/cm2. The treatment time 
is usually in the range of several seconds to several minutes, and it is 
preferred that the layer thickness be within the range of 0.03 ~ 0.5 microns. 
In the case when the layer thickness is less than 0.03 microns, the 
electretization effect is small, and in the case when the layer thickness 
exceeds 0.5 microns, there is a trend that the layer itself becomes hard and it 
is not a preferred option. 



The measurement of the layer thickness is conducted as a slide glass covered 
with a cover glass is placed on the electrode where the plasma equipment 
treated sample has been set, and after the plasma polymerization, the cover 
glass is removed, and the stepwise difference that is found on the glass slide 
is measured by an interference microscope. 

Regarding the electretization, it is a phenomenon where a thin plasma layer $ 
is electretized, and in the case when a thin plasma layer is present on both 
sides of the polymer sheet, it is a good option if both sides are electretized at 
the same polarity, and it is also a good option if they are electretized at 
different polarities, and then, it is also a good option if only one surface side 
is electretized. Also, in the case when a thin plasma layer is present only on 
one side of the polymer sheet, this thin layer is then electretized. 

Regarding the electretization equipment it is a good option if it is the usually 
used equipment. And namely, the electretization is conducted by equipment 
that is comprised of a direct electrical current source which generates several 
tens kV high electrical voltage, and a roll shaped electrode which comes in 
contact with the experimental material (mid which is continuously grounded) 
and a counter electrode (needle shaped electrode). 

It is also a good option if in order to increase the effectiveness of the 
electretization the roll can be heated. Also, it can be a simple use type 
equipment or it is also a good option if it is an equipment which conducts a 
corona electrical discharge. 

Regarding the degree of the electretization, it can be freely selected 
depending on the material that is subjected to the treatment and the electrical 
voltage, the treatment speed, the distance between the electrodes, the roll 
temperature/However when the electrical voltage is too high it is necessary 
to pay attention that the sheet does not break or melt. As the electretization 
level, an electretization level that is 1 x 10 -10 c/cm2 or higher, expressed as 
surface electrical charge density, and preferably, 3x10-10 cm/cm2, is 
'used. " 

The measurement of the surface electrical charge density was conducted 
according to the method presented in Figure I. The experimental material 1 
is placed on the top the grounded metal plate 2, and another metal electrode 
plate (4 cm diameter) 3, is contacted with the experimental material from the 
upper side, and the electrical charge of the experimental material is directed 



and transferred towards the metal electrode plate 3 and it is accumulated in 
the previously known condenser 4, and then the measurement is conducted 
as the electrical potential of the condenser 4 is measured by the electrical 
potentiometer 5. 

Surface electrical charge density (c/cm2) = C x V x S 

C: condenser capacity (Farads) 

V: Electrical voltage (Volts) 

S: Surface area of the metal electrode 

Here below, practical implementation examples are shown and by that the 
present invention is explained. 

Practical Example 1 

On both sides of biaxially oriented polyethylene terephthalate film 
(thickness 1 0 microns), a plasma treatment was conducted for a period of 
120 seconds under a flow of 30 cc/minute of C2F4 monomer, and at a 
vacuum of 0.3 Torr, and an output of 0. 1 . . ,/cm3 (illegible), and by that a 
thin crosslinked layer was formed with a layer thickness of 0. 1 5 microns. 

High frequency electrical source: 13.56 Hz 
Electrodes: parallel, flat plate electrodes 

On one surface side of this sheet, a + electrical charge was placed by using 
50 KV direct electrical current source. 

Distance between the electrodes: 5 cm 

Temperature of the electrode at the side which is in contact with the sheet 
Treatment time: 5 seconds 
Applied electrical voltage: 30 KV 

After that the film is turned back and by using the same elements part of the 
electrical source is partially adjusted so that a - electrical charge is acquired, 
and by that the film was electretized. 

The surface electrical charge density of the film that has the thin plasma 
polymerization layer was + 7 x 1 0 -9 c/cm, and -6.5x10-9 c/cm2, and the 



surface electrical charge density of the film that has not been subjected to 
the plasma treatment was 5 x 10 -1 1 c/cm2, and -4x10-1 1 c/cm2. 

In order to evaluate the electretization maintenance properties of the plasma 
polymerized thin layer, the material was placed inside a 1 OOoC ambient 
environment for a period of 100 hours and then after that the surface 
electrical charge density was measured. And the measurements showed a + 
6.7 x 10 -9 c/cm2, and - 6.4 x 10 -9 c/cm2, and this indicated that the initial 
performance was maintained. 

Practical Example 2 

Oriented (elongated) fiber obtained from polyethylene terephthalate 50 
denier 96 filament, was used as the longitudinal and the cross thread and a 
high density tufted fabric material was woven. This woven material was 
subjected to the same technological operations as those in the previous 
technology - it Was pulled- bound and free set (180oC, 1 minute) - dyed, 
and finished. 

On the surface of this woven material a plasma polymerization thin layer 
was formed by employing vinyl trimethoxy silane monomer material. 

For the plasma polymerization conditions and equipment the same as those 
described according to the above Practical Example 1, were used. This time 
the layer thickness was 0.12 microns. 

This woven type material was electretized under the same conditions as 
those described according to the above Practical Example 1. The 
electretization was conducted only on the plasma polymerization surface and 
a + electrical charge was imparted. 

This woven material was used and wear protective clothing Was produced. 
The clothing was made so that the electretized surface became the outer 
surface (the surface that is not against the body). For a comparison, the same 
electretized wear protection clothing was produced by using woven material 
that has not been subjected to the plasma polymerization treatment. 

This clothing was put on and desk work was performed for a period of 1 
hour and after that the amount of the wear generated in that case was 
compared to the case when the clothing was not worn. Regarding the amount 



of the generated wear, it was set as 100 when desk work was done not - ■ 
wearing the clothing, and in the case when the clothing was put on, which 
has been electretized without having been subjected to a plasma 
polymerization treatment, it was 10, and in the case when clothing was put 
on which has been subjected to plasma polymerization and then electretized, 
it was 2, and it is seen that the amount of the generated wear was 
significantly suppressed. 

4. Simple Explanation of the Figures 

* . ■ ■ * •. ■ ■ ■ 

Figure 1 is an explanation diagram in order to explain how the measurement 
of the surface electrical charge is conducted. 




In the Figure: 

1 ..Experimental Material 

2,3.. ...Metal Plate 

4... .......Condenser 

5 Electrical Potentiometer 
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